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Ao1.1 I ( *  dissections that involve the aortic arch are 
usl1Jly type 4, but can he retrograde extensions of type 
B tlissections. Chronic arch dissections can remain 
as) mptomatic foi- years, requiring only careful long- 
term surveillance and blood pressure control to mini- 
mize the likelihood of expansion; however, when aneu- 
rysmal dilatation ocrurs, surgical intervention becomes 
nert~ssary. Aneurysmal dilatation of a dissected arch is 
not necessarily the result of neglect or medical treat- 
melit failure, as it can potentially complicate successful 
medical or surgical treatment of patients with either 
tylw A or type B dissections. Type A dissections include 
all of those that involve the ascending aorta, irrespec- 
tive of the site of the primary tear or distal extension of 
the dissection. In  the acute setting, operative interven- 
tion is carried out to prevent the expected sequelae of 
rupture with cardiac tamponade, acute aortic regurgita- 
tion caused by loss of commissural suspension, or 
myocardial infarction caused by coronary artery in- 
volvement. In  these patients, the operative mortality 
risk is 10% to 2570 compared with a 90% mortality rate 
at 3 months for nonoperative management (approxi- 
mately 1% per hour for the first 48 hours).’-1° Type B 
dissections do not involve the ascending aorta, and can 
he treated successfully with either medical or surgical 
therapy. ‘I,’’ Both types, however, can involve the aortic 
arch, either as the location of the primary intimal tear 
or after distal or proximal extension. Controversy exists 
as to the best treatment for acute dissections that 
originate or involve the transverse arch. 
Acute Dissection: Should the Arch 
be Replaced? 
Acute type A dissection. In  patients with acute type 
A dissections, surgical treatment of the arch, whether 
or not it is the site of the primary tear, can include 
simple” ascending aortic replacement, “hemi-arch7’ 
1-el)larenient with a beveled, open distal aortic anastomo- 
bls under profound hypothermic circulatory arrest 
(I’HCA) and ascending replacement, or  complete trans- 
bvrse arch replacement with reimplantation of the arch 
essels. We have moved away from simple ascending 
aortic replacement on the basis that circulatory arrest 
iillows a more sound distal anastomosis. enables direct 
inspection of the arch and proximal descending thoracic 
aorta (with repair or resection of distal fenestrations, 
when appropriate), allows antegrade true lumen arte- 
6 6  
rial reperfurion and rewarming after recannulation of 
the proximal arch graft, and avoids potential clamp 
injuries to the distal asrending aorta. The latter two 
options are distinctly different in that hemi-arch replace- 
ment requires only 15 to 30 minutes of rirculatory 
arrest at 20°C to 2 2 ” C ,  whereas total arch replacement 
requires a substantially longer period of circulatory 
arrest time and lower core temperatures, hoth of which 
prolong cardiopulmonary Iiypass (CPB) and impair 
coagulation homeostasis. The Mount Sinai group re- 
ported circulatory arrest times ranging from 45 to 67 
minutes for patients with acute and subacute arch 
dissections in which an aggressive approach to resecting 
arch tears was employed (total arch replacement was 
necessary in 11 of 19 patients); this appears to have 
been associated with increased bleeding, as evidenced 
by the need for a Cabrol shunt between the peripros- 
thetic space and the venous circulation (the older wrap 
inclusion techniques were used then) in 40% of pa- 
tients.‘ In their hands, however, this approach was 
associated with an acceptable early mortality rate of 
21% for these complicated, high risk patients. Series 
from Japanl3.I4 and France” also advocated total arch 
replacement for such patients with dissections that 
involved the arch, reporting mortality rates of 11% to 
23%. 
On the other hand, Crawford et all6 and Borst et all7 
were more cautious, reporting that the probability of 
operative death more than doubled in certain individu- 
als if arch replacement was carried out for patients with 
acute type A aortic dissections. Borst et a1 reported the 
Haniiover series of partial (open-distal) versus total 
arch replacement for patients with aneurysms (n = 58) 
or dissections (n = 92, acute; n = 54, chronic). Their 
reported circulatory arrest times were remarkably low 
for both partial and total arch replacements (17 ? 6 
minutes and 34 2 13 minutes, respectively), but the 
mortality rate increased substantially with total arch 
replacement for patients with aneurysms (3% partial 
arch v 19% total arch), acute dissections (12% partial 
arch w 36% total arch), or chronir dissections (6% 
partial arch v 20% total arch). In Crawford’s series at 
Baylor, among 82 patients with acute type A dissections, 
one third of patients underwent combined ascending 
and arch replacement, whereas the procedure was 
limited to the ascending aorta in two thircls.16 The 
operative death rate increased from 17% for ascending 
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aortic replacement alone to 317c for patients in whom 
the procedure included at least the proximal arch 
(hemi-arch replacement). Arch repair was an indepen- 
dent predictor of operative mortality, although it seemed 
to reduce the need for late reoperations on the distal 
aorta. Additionally, advanced New York Heart Associa- 
tion functional class, diabetes, and the need for concomi- 
tant coronary artery bypass grafting appreciably in- 
creased the risk if the procedure was extended into the 
arch, whereas their impact after isolated ascending 
aortic replacement was minimal. In  the combined Stan- 
ford-Duke series of patients with aortic dissections due 
to arch tears (n = 47 patients), advanced age, number 
and severity of dissection related complications, and 
coexistent medical illnesses adversely influenced the 
already high operative risk.18 
We currently prefer the hemi-arch, open distal tech- 
nique for patients with acute type A dissections to allow 
for assessment of the extent of intimal disruption and 
the condition of the arch vessels and to ensure a more 
sound distal anastomosis (this technique has been 
previously published in this journal).’’ We resect the 
tear if practical, but do not perform complete arch 
replacement in this setting unless there is rupture or 
impending rupture of the arch itself, especially if other 
risk factors are present. Inherent in this approach is 
the known potential for dilatation of the distal false 
channel requiring subsequent reoperation. Close fol- 
low-up is essential to monitor the progression of false 
lumen dilatation and to decide when the appropriate 
time for surgical intervention is necessary. Follow-up of 
patients with aortic dissection, whether treated medi- 
cally or  surgically, should include a computed tomo- 
graphic or  magnetic resonance imaging scan before 
hospital discharge and at 3 months. Scans can then be 
obtained at 6 month intervals for 1 to 2 years, then 
annually throughout the patient’s life if there are no 
major pathoanatomical changes detected over time. 
Strict blood pressure control and negative inotropic 
therapy are also essential; DeBakey et a12 found that 
aneurysms subsequently developed in 46% of patients 
with uncontrolled hypertension, hut only in 17% with 
controlled blood pressure. 
In  patients with acute 
type B dissections, we currently treat most individuals 
with medical therapy; in general, surgical intervention 
is undertaken for those with complications, eg, acute 
rupture or leak, the presence of a large false aneurysm, 
ischemia of distal end-organs, or progression of the 
dissection during medical therapy manifested by persis- 
tent or recurrent pain. We take a more aggressive 
surgical approach, however, in younger, healthy pa- 
tients and those with the Marfan syndrome. The advent 
of endovascular stent-grafting for patients 
Acute type B dissection. 
with acute type B dissections has also changed the 
decision-making process, but this experimental treat- 
ment modality is confined to just a few centers around 
the world. In the Stanford-Duke series of patients with 
type B dissections, the 30-day mortality rate for pa- 
tients with no compelling indication for emergency 
operation was 10% with mediral therapy and 19% with 
surgical therapy. I’ Patients who develop ischemic com- 
plications due to distal aortic branch compromise 
undergo angiographic investigation and stenting of 
branch vessels o r  the aorta itself, with or without 
fenestration of the dissection flap.’”-’’ We have always 
considered early operation (proximal descending aorta 
replacement, or, currently, a stent-graft to cover the 
primary intimal tear) in younger, low-risk patients in an 
attempt to prevent the adverse late sequelae of the 
disease; although this aggressive approach is intuitively 
logical and today is endorsed by the Mount Sinai and 
Yale groups, its use and effectiveness compared with 
medical therapy alone remains unknown at this time.“.” 
We do, however, avoid manipulation and clamping of 
the arch during operations in patients with acute type B 
dissections by using circulatory arrest and constructing 
an “open proximal’’ aortic anastomosis. In  the early 
Stanford surgical series, the operative mortality rate 
for patients with an acute type B dissection caused by 
an  arch tear was 75%, compared with 32% if the tear 
was in the descending aorta.3 In  the Stanford-Duke 
series of patients with primary intimal tears located in 
the arch, none of the four patients who underwent arch 
repair at the time of descending thoracic replacement 
survived, and only one of three patients without con- 
comitant arch repair survived.18 After 2 years, 75% t 
22% of medically-treated patients were alive compared 
with only 14% t 13% of the surgically-treated group; 
however, by 3 years, all the medical patients had died. 
Clearly, these historical data from the 1970s indicate 
that substantial room for improvement existed in deal- 
ing with patients with type B dissections originating 
from an arch tear, including newer surgical techniques 
that rely on profound hypothermic a r r e ~ t . ~ f ” ’ ~  
Fate of the Distal False Lumen 
Radiographic studies have shown that the distal false 
lumen remains patent in the majority of patients (85%) 
after proximal thoracic aortic repair, but the persis- 
tence of the false channel does not portend a cata- 
strophic late outcome; in fact, it may be the only source 
of blood flow to major organs in some  patient^.'^ In the 
Mount Sinai series, persistence of the false lumen was 
associated with the development of late thoracic aortic 
false aneurysms, but the incidence was relatively low 
and long-term survival was not substantially different 
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between patients with a closed versus patent distal false 
lutllen.“i Two of 18 (11%) patients with a persistently 
pittent distal false lumen required late reoperations. 
Event-free survival at 5 years was 84% for patients with 
a thromhosed false lumen, versus 63% for those with a 
patent false lumen (P = not significant [NS]). Resec- 
tion of EI primary arch intimal tear did not necessarily 
olditerate the distal false lumen; 23% of patients who 
unclerwmt partial or total arch replacement for an arch 
tear had a patent false lumen. Persistence of the false 
channel, therefore, does not appear to correlate with 
successful exclusion of the primary intimal tear, but 
depends more on the presence of distal fenestrations 
between the true and false lumens.” 
More intensive long-term medical follow-up is neces- 
sary to decrease the death rate from late aortic rupture 
by prompting earlier reoperation in patients whose 
chronic dissections become aneurysmal. Of all late 
deaths in the early Stanford series, at least 15% were 
caused 1)y late aortic rupture, and in DeBakey et al’s 
20-year series, 29% of late deaths were caused by aortic 
rupture. ’.4 Subsequent aneurysmal formation occurred 
more often with dissections that involved the entire 
descending and abdominal aorta (35%) compared with 
dissections limited to either the ascending (14%) or 
proximal descending (16%) aorta.’ Overall, late aneu- 
rysms developed hi 29% of patients after successful 
initial surgical treatment of patients with acute dissec- 
tions. Reoperation in this setting should not be consid- 
ered a treatment failure, but rather a timely and 
prudent treatment of the late aortic sequelae of aortic 
dissections. In the Stanford series, the linearized rate of 
reoperation was 3.4% per patient year; or, in actuarial 
terms, 13% f: 4% of patients at 5 years and 23% 5 6% 
at 10 years had reqiiired an aortic reoperation, postop- 
e ra t i~e ly .~  The reoperative rate was similar in patients 
with type A or type B dissections, but higher in younger 
patients and in those with primary tears in the arch 
(27% k 13% at 1 j ear); however, even in patients with 
primary arch tears, the site of reoperation rarely 
included the arch itself. Among the 21 reoperations 
required in 135 hospital survivors, 8 were on the 
proximal aorta and 13 were for distal aortic replace- 
ment. Arch replacement was performed in three pa- 
tients with type A dissections and in two patients with 
type B dissections. Aneurysmal dilatation of chronic 
dissections involving the aortic arch is uncommon, but 
its surgical treatment can be quite challenging; this is 
the subject of this current review. 
Indications For Operation on the Aortic Arch 
Consideration of surgical intervention should probably 
be more aggressive in patients with arch false aneu- 
rysms caused by chronic dissection than in those caused 
by degenerative aneurysms. In Pressler and McNama- 
r a ’ P  series. aortic rupture was the cause of death in 
777c of patients with thoracic aortic aneurysms due to 
dissection compared with only 4470 of degenerative 
aneurysms; however, this disparity is due in part to the 
fact that the diagnosis of aortic dissection was made 
during the acute phase shortly before fatal rupture in 
many patients with dissections in this historical retro- 
spective study. Hirose et al”’ reported that the growth 
rate of aneurysms was greater in the arch (0.56 c d  
year) than in the descending thoracic (0.42 cmlyear) or 
abdominal aorta (0.28 cdyear).  The Mount Sinai 
group found that once an aneurysm reached 5 cm, its 
growth rate increased substantially; aneurysm expan- 
sion rate was also higher in ~mokers.~’ Juvonen et a13* 
also developed a model to predict the risk of rupture in 
patients with thoracic aneurysms based on aneurysm 
size, age, and the presence of pain or chronic obstruc- 
tive pulmonary disease; unfortunately, these data did 
not include aortic dissections. The Yale group found 
that the growth rate increased with aneurysm size and 
was higher in the presence of a dissection; furthermore, 
descending aneurysms expanded faster than more proxi- 
mal thoracic aortic aneurysms (Fig I).33 Indications for 
resection of a chronic dissection involving the aortic 
arch include: (1) Arch diameter (true and false lumens 
combined) greater than 6 to 7 cm or greater than twice 
the size of the normal thoracic aorta for that individual; 
(2) enlargement of more than 7 to 10 mm in 1 year; (3) 
symptoms attributable to the dissection such as pain, 
hoarseness, swallowing or respiratory difficulties, caval 
obstruction; or (4) localized saccular protrusion of the 
false lumen, which might put the patient at a higher risk 
of rupture. Patients with the Marfan syndrome are 
generally younger and are more likely to experience 
rapid progressive aortic d i l a t a t i ~ n ~ ~ ” ~ ;  therefore, arch 
replacement should generally be considered when expan- 
sion exceeds 3 to 5 mm per year or when the aortic 
diameter exceeds 5 cm in healthy individuals. 
Surgical Technique: General Principles 
Aortic pathology that is superior to the left mainstem 
bronchus on computed tomographic scan can be ad- 
dressed effectively via a median sternotomy. If surgical 
access is required beyond the left mainstem bronchus, a 
left thoracotomy or bilateral anterior thoracotomy is 
required. In this review, we only describe our tech- 
niques for arch replacement in patients with chronic 
dissections via the anterior approach. For arch replace- 
ment in chronic dissections, the “elephant trunk” 
methods, in which a free segment of graft is left dangling 
distally in the descending aorta, is ideal to simplify 
future aortic  operation^.^"^' The dissection most often 
extends far distally, and although the descending aorta 
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Fig I. Annual growth rate of thoracic aortic aneurysms based on (A) 
dissection status and (B) location of the aneurysm. (Data from Coady 
MA, Rizzo JA, Hammond GL, et al: What is the appropriate size 
criterion for resection of thoracic aortic aneurysms? J Thorac 
Cardiovasc Surg 113:476-491, 1997.33) 
may not yet be aneurysmal at the time of arch replace- 
ment, the distal graft is available for either a later 
planned procedure o r  when dilatation of the descending 
thoracic aorta becomes sufficient to warrant further 
replacement. 
If previous ascending aortic replacement has 
been performed and redo sternotomy can be accom- 
plished safely, the arterial perfusion cannula may be 
inserted into the previous graft to provide antegrade 
flow during the period of cooling. Otherwise, CPB (Fig 
11) is commenced initially using either a subclavian or 
femoral arterial cannula, and the arterial line is “Y- 
ed” to allow subsequent recannulation of the arch graft 
CPB. 
for antegrade CPB flow after arch reconstruction. Over 
time, we have been using the subclavian artery more 
often, following the lead of Sabik et a13* from the 
Cleveland Clinic, hoping that this will minimize the 
incidence of CPB malperfusion of vital end-organs. 
When femoral arterial cannulation is performed in a 
patient with a chronic dissection, bilateral tympanic 
membrane temperature (andor bilateral radial artery 
pressure) monitoring is used to ensure equal cerebral 
cooling rates, myocardial temperature is measured, and 
the descending aorta is interrogated with transesopha- 
geal echocardiography to make sure that neither the 
false nor true lumen becomes obliterated at the onset of 
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Fig 11. 
circulatory arrest and retrograde cerebral perfusion (RCP). IVC, inferior vena cava. 
Schematic of the CPB circuit for aortic arch replacement using profound hypothermic 
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retrograde CPB perfusion. Malperfusion of important 
aortic arch branches or abdominal aortic tributaries at 
this point can be a catastrophic complication. We 
cannulate the femoral or subclavian artery with the 
stronger pulse (contrary to our policy in patients with 
acute dissections), which usually communicates directly 
with the aortic true lumen above, but prefer the right 
side if femoral vein cannulation should become neces- 
sary. If a venous cannula needs to be passed into the 
right atrium, using the right femoral vein affords the 
most reliable direct access route to the inferior vena 
cava (IVC) by minimizing problems navigating the 
guidewire or cannula across the IVC bifrucation. In 
complicated cases where ascending aortic false aneu- 
rysms have eroded into the posterior table of the 
sternum, CPB can be instituted and the patient cooled 
to 22°C using femoral-femoral cannulation before the 
sternotomy is completed under PHCA; a 28F multifenes- 
trated venous cannula (DLP Medical Products, 
Medtronic, Inc, Grand Rapids, MI) is placed at the 
right atrial-superior vena cava (SVC) junction under 
echocardiographic guidance and a centrifugal (suction) 
pump system is used to augment venous drainage. 
Otherwise, standard bicaval venous cannulation is 
employed with tourniquets around both the SVC and 
the NC.  Once the chest is open and CPB is initiated, a 
14F sump vent can be placed into the pulmonary artery 
to reduce bronchial return to the left heart. Alterna- 
tively, if severe aortic valvular regurgitation is present 
or a false aneurysm of the ascending aorta has eroded 
into the left atrium or left ventricle creating a fistula or 
the ventricle cannot be kept adequately decompressed 
by manual massage, we prefer using a large (20F) apical 
left ventricular (LV) sump vent. The CPB circuit also 
includes an arteriovenous shunt for retrograde cerebral 
perfusion (RCP) during periods of circulatory arrest. 
Because of pre- 
vious ascending aortic operations or extensive aneu- 
rysms, it commonly is not possible to clamp the ascend- 
ing aorta safely before turning off the pump. For total 
arch replacement, the patient is cooled to 15°C (bladder 
temperature), which theoretically allows 30 to 45 min- 
utes of safe PHCA time. At 18"C, cerebral metabolic 
rate is 40% of baseline, at 15"C, 25% to 30% of 
baseline, and at 8°C to 10°C, less than 10% to 12% of 
b a ~ e l i n e . ~ ~ - ~ l  Systemic core cooling should progress at a 
rate of 1°C per minute, and usually takes 30 to 45 
minutes. I t  is important to remember that during 
cooling, the heart will f h d a t e ,  usually at around 20% 
to 25°C; thereafter, transesophageal echocardiography 
must be used continuously to avoid LV distention. If the 
heart fibrillates at a much warmer temperature, then 
Preparation for circulatory arrest. 
coronary malperfusion should be suspected immedi- 
ately, and appropriate alternative arterial cannulation 
performed quickly, eg, subclavian artery or LV apical 
cannulation across the (native) aortic valve into the 
ascending aorta o r  switching to the other femoral 
artery. Just prior to circulatory arrest, mineralocorti- 
coids (dexamethasone, 10 mg intravenously [IV]) and 
phenobarbital (1 to 2 mg/kg IV) are given, and the head 
is kept packed continuously in ice. Myocardial protec- 
tion using intermittent retrograde blood cardioplegia is 
preferred, in conjunction with a Daily myocardial 
cooling jacket (Daily Medical Products, San Diego, 
CA). At these low systemic temperatures, however, 
special attention needs to be given to insulating and 
protecting the left phrenic nerve. After turning off the 
pump, 1,000 mL of cold blood cardioplegia is infused 
retrograde, the caval tourniquets are cinched down, the 
patient is minimally exsanguinated (only 500-1,000 mL 
are drained into the venous reservoir), and the cooling 
jacket is positioned over both the right and the left 
ventricles. Myocardial temperature is kept below 10°C, 
and cardioplegia is reinfused retrograde every 20 to 30 
minutes for washout purposes; the amount of blood 
cardioplegia given is small (300 mL), and these intermit- 
tent infusions are stopped when the effluent blood 
coming out of the coronary ostia turns pink or red. 
During circulatory arrest, the patient is placed 
in the Trendelenberg position, and we commence inter- 
mittent, low pressure, low flow RCP via the SVC with 
the IVC cannula clamped to flush air and particulate 
matter from the brain. RCP is initiated at 100 mL per 
minute to 500 mL per minute to keep the innominate 
vein pressure less than 20 mm Hg; the cardiotomy 
reservoir volume is maintained using blood collected 
from the field by the cardiotomy suckers. Retrograde 
cerebral perfusion supplies only approximately 20% to 
25% of the metabolic requirements of the brain, but 
when combined with topical cooling, it helps maintain 
cerebral hypothermia and does have a flushing ef- 
f e ~ t . " ~ ~  By keeping the proximal venous pressure 
(innominate vein) less than 20 mm Hg and limiting the 
time of RCP we attempt to minimize the risk of cerebral 
edema. Usui et a143 found that SVC flow rates did not 
correlate with the stroke rate (18% if less than 300 
mL/min versus 19% if greater; P > .78), but there was 
a sipficantly higher stroke rate in patients with 
increased SVC pressure (greater than 25 mm Hg, 28% 
stroke rate; less than 25 mm Hg, 16% stroke rate; 
P < .03). Others have found that the stroke incidence 
increased progressively as the circulatory arrest times 
became longer, especially when the period of arrest 
exceeded 45 to 60 
RCP. 
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1 The mid-ascending aorta is opened, and after identification of the true and false 
lumens, the aorta is transected just proximal to the innominate artery. Careful 
delineation of the aortic arch pathological anatomy, ie, relationship of the true and 
false lumens with respect to the arch vessels, is paramount at this stage of the 
operation. 
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2 (A) If the origin of the arch vessels is close to the dissection flap but the arch vessels are not 
dissected per se, the intima and adventitia are divided together to leave a 5 to 10 mm rim around 
their ostia. If the arch vessels are dissected, it is generally not possible nor wise to direct blood flow 
exclusively into the true lumen; the false lumen may be responsible for some o r  all of the distal 
arterial blood flow. A wedge of the dissection flap is excised from each vessel, allowing subsequent 
perfusion of both (true and false) channels. The flap within each dissected branch is incised for a 
distance of approximately 10 mm, and amputated sharply without leaving any freely mobile piece. 
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2 (continued) (B) The “island” of arch surrounding the great vessels is 
dissected free just beyond the left subclavian artery. 
3 The arch cuff is constructed with a strip of Teflon felt or 
knitted, double velour Dacron graft material (Meadox Medicald 
Boston Scientific Corp, Oakland, NJ) between the intimal and 
adventitial layers. When the tissues are extremely friable (eg, in 
patients with the Marfan syndrome), if necessary, the arch cuff 
can also be reinforced externally with another strip of fabric. In 
the acute setting, this Teflon felt “sandwich” technique has been 
associated with reduced distal false lumen patency, suggesting a 
more secure anastomosis with less intimal tearing.28 
Optional 
internal 
J teflon felt 
(false lumen) 
External teflon felt 
Suturing layers 
together anteriorly 
\ 
4 A “whip-stitch” of long (137 cm) 4-0 SH-1 Prolene suture (Ethicon, Inc, 
SomerviUe, NJ),  is started distal to the left subclavian, (A) progressing first along 
the posterior wall, then (B) anteriorly to complete the buttressed arch island. 
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5 (A) During complex arch procedures or when the expected PHCA time is long, we 
frequently prefer to sew a separate graft to the arch vessels at this time to allow 
selective antegrade cerebral perfusion (SACP) during completion of the distal aortic 
anastomosis. Our technique is a modification of that originally developed by Griepp 
and  associate^^^^^^ which offers optimal exposure during each anastomosis and allows 
the surgeon time to perform the distal aortic anastomosis in a methodical manner; the 
technical soundness of this distal anastomosis is key, and less than a perfect 
anastomosis can lead to potentially fatal bleeding o r  the late development of 
pseudoaneurysms. The reconstructed arch cuff is sewn to the beveled end of a small 
(14 to 18 mm) collagen-impregnated (Hemashield) knitted or woven double velour 
vascular graft (Meadox Medicalsh3oston Scientific Corp, Oakland, NJ). Using a 137 
cm 3-0 SH or 4-0 SH-1 Prolene suture, the anastomosis is started distal to the left 
subclavian artery orifice, running first along the posterior wall. The initial suture 
bites are placed loosely and then the graft is parachuted down to allow better 
visualization of this most critical portion of the anastomosis. A nerve hook is carefully 
used to ensure that the sutures are symmetrically positioned and tight. Extreme 
gentleness is required when arcing the needle on its complete one-half curve through 
the aorta to prevent intimal needle hole tears, especially along the posterior wall when 
the surgeon is placing the sutures from outside-to-inside the aorta. The first assistant 
must also be very delicate with the “following” traction to avoid tearing the fragde 
aortic tissue. Although not preferred, if the distal arch is densely adherent to the 
posterior mediastinal tissues and circumferential dissection of a full-thickness cuff is 
not possible, the distal-most part of the arch island can be left intact. In this case, the 
bites taken beyond the left subclavian employ an inclusion technique and are very 
deep to ensure incorporation of large bites of the adventitia. 
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5 (continued) (B) The posterior suture is continued just anterior to the innominate artery, and the 
anastomosis is completed by running the other arm of the suture anteriorly along the patch. It is occasionally 
necessary to temporarily suspend retrograde cerebral perfusion to improve visuahation during critical 
portions of the anastomosis. 
(C) The arch vessels are de-aired using low flow RCP, steep Trendelenberg position, and finger 
manipulation of the carotid and subclavian arteries. An arterial cannula is then inserted into the proximal 
end of the arch graft, retrograde RCP is discontinued, the IVC cannula is undamped, the femoral artery 
cannula is clamped, and SACP is started to the arch vessels at 15°C to 20°C to keep the radial artery pressure 
approximately 50 mm Hg; usually, flow rates of 500 to 900 mL per minute are sufficient. This arterial 
cannula can remain in this position throughout the remainder of the procedure, if desired. Once antegrade 
cerebra1 perfusion is restored, the difficult distal anastomosis can be performed carefully and without 
excessive time constraints. 
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6 The distal arch or proximal descending thoracic aorta is preferentially 
prepared for an end-to-end, full thickness distal anastomosis. Care should be 
taken to avoid injury to the phrenic or vagus nerves, which often are adherent to 
the dissected aorta at this level. Tissue planes are often obliterated, and 
circumferential dissection around the aorta can be hazardous. In this case, the 
greater curve is dissected free, but the lesser curve (near the ligamentum) can be 
left intact, ifnecessary. We feel this provides a less secure distal anastomosis, but it 
may be the only option in some patients. On the other hand, when the dissected 
aorta does not naturally narrow into a “waist” just beyond the left subclavian 
artery, we feel it is imperative to do a full-thickness, circumferential anastomosis at 
the level of the proximal descending aorta; only this technique will enable the 
surgeon to “neck down” the inordinately large aorta safely and perform a sound 
distal graft anastomosis. No attempt is made to redirect distal aortic flow into the 
true lumen because both the true andor  the false channels may be responsible for 
critical aortic branch flow downstream. The dissection flap (or septum between the 
true and false lumens) is incised longitudinally along its borders as far distally as 
can be visualized; the excision of the flap must extend for a distance that is longer 
than the length of the elephant trunk graft to avoid compromise of distal aortic flow 
due to the end of the elephant trunk graft ending up inadvertently in one lumen or 
the other. 
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\Stay sutures in graft 
lnvaginated graft 
dissection 
flap 
7 Two long stay stitches are sutured to the proximal 
end of a Hemashield woven double velour Dacron graft; 
graft size is selected on the basis of the preoperative 
computed tomographic scan (considering that the true 
and false lumens in the descending aorta will form one 
common aortic chamber) or by passing valve sizers into 
the descending aorta after the dissection flap is excised. 
The future arch segment of the graft is invaginated into 
the elephant trunk portion, which should be only 5 to 
10 cm long to avoid kinking or  occlusion of one of the 
distal aortic channels. The doubled-up graft is inserted 
into the descending aorta such that the distal aortic 
anastomosis between the invaginating fold of the graft 
and the buttressed cuff of the descending thoracic aorta 
can be accomplished precisely under direct vision in an 
end-to-end, full-thickness manner. 
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P Suturing right side 
of aorta with 
invaginating fold of 
graft and teflon felt 
8 A Teflon strip is occasionally used to reinforce the 
adventitial layer of the dissected native aorta; this step is 
important if the aortic diameter at this point is much larger 
than the graft. Similarly, it is essential in the rare patients with 
acute aortic dissections who require complete transverse arch 
replacement. Starting in the posterior corner, the posterome- 
dial aspect of the anastomosis is completed with a 137 cm 3-0 
SH Prolene suture through the invaginated fold of the graft, 
inside-to-outside the aorta, and then through the Teflon felt 
strip. Tightening the posterior suture line with a nerve hook at 
this stage is important. 
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i 
uturing in 
left side 
9 The distal aortic anastomosis is then completed anteriorly by 
running the other arm of the Prolene suture upward. This difficult 
anastomosis is best compIeted with a combination of forehand and 
backhand suture placement by both the surgeon and the first 
assistant. Meticulous attention to detail during this distal anastomo- 
sis is paramount to prevent troublesome bleeding or late pseudoan- 
eurysm development, because most of this anastomosis is here-after 
inaccessible. 
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lnvaginating fold of graft 
I 
Wall of aorta 
External felt 
/ 
Distal 
elephant 
/trunk 
10 The stay stitches on the (proximal) end of the graft are then pulled out to extract the invaginated 
portion of the graft, and the distal elephant trunk graft is inspected for kinks and length. One should be able 
to see directly into both the true and the false lumens distally. 
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Suturing posterior row of 
second arch-vessels anastomosis 
using a side to side technique 
11 SACP is discontinued, the IVC cannula is clamped, and RCP is started again. Equal-sized ellipses 
(approximately 4 cm X 1 cm) are excised from the inferior portion of the great vessel graft and the superior 
portion of the main aortic arch graft, and a side-to-side anastomosis between the two grafts is completed 
using a 4-0 SH-1 Prolene suture. The distal aorta is allow to fill passively during this anastomosis to remove 
air, which is aided by return of dark blood backward down the carotid arteries. 
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Suturing proximal anastomosis between new and previous 
aortic grafts 
12 The head vessels are again de-aired, a cross-clamp is placed on the proximal 
aortic arch graft, and antegrade CPB perfusion resumed throughout the body using the 
cannula in the end of the great vessel graft. Alternatively, angled arterial cannula is 
inserted via a stab in the arch graft. Systemic rewarming is also started. Depending on 
the particular anatomical situation, the proximal anastomosis is then completed to an 
existing ascending aortic graft or to the native proximal aorta, with or without 
replacement of the aortic valve, as previously d e s ~ r i b e d . ’ ~ , ~ ~  A few of these patients 
have not had an ascending aortic procedure done previously, in which case the most 
appropriate aortic root reconstruction is done now. In this example, a graft-to-graft 
anastomosis is completed with a 4-0 SH-1 Prolene suture. A common error is to make 
the arch graft segment too long, predisposing to kinking of the graft or aortic valve 
regurgitation if the native valve is preserved. The ascending graft should be beveled, 
but, as described by G r i e ~ p , 4 ~  such that the “toe” actually goes to the greater curve of 
the arch near the innominate artery; this maneuver foreshortens the graft and helps 
prevent kinking or bowing of the graft to the patient’s right. 
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Aortic and 
arch-vessels grafts 
completed 
flap 
13 Prior to removal of the cross-clamp, 1,000 to 1,500 mL of warm blood 
cardioplegia (20 mEq/L potassium) is infused retrograde, the pulmonary artery 
or LV vent is clamped, the vena caval tourniquets are released, the lungs are 
ventilated, and the heart is filled with blood to expel air. An aspirating vent is 
placed into the ascending aortic graft, and the heart is meticulously de-aired 
prior to removal of the cross-clamp. Systemic rewarming generally takes 2 to 3 
times longer than cooling (approximately 90 minutes), and should progress at 1°C 
every 3 to 5 minutes. The temperature gradient between arterial infusion and 
venous return blood should be less 10°C during rewarming to prevent bubble 
formation, and we agree with Griepp's group that the arterial blood temperature 
should never exceed 37OC in order not to exacerbate neurological injury. After 
resuscitation of the heart and rewarming of the patient to 36°C to 37"C, CPB is 
discontinued in the usual fashion. The arterial cannula is removed and either the 
end of the great vessel graft or the stab wound in the arch graft are oversewn. 
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Alternate method with end to side 
second arch-vessels anastomosis 
14 An alternative method for reconstituting flow to the arch vessels (in lieu of that depicted in 
11) is with an end-to-side anastomosis between the great vessel graft (after removing the cannula 
used for SACP) and the main aortic arch graft. 4-0 SH-1 Prolene suture is used for this 
anastomosis, which was originally described by Griepp and  associate^.^^,^^ In this case, antegrade 
CPB perfusion is resumed throughout the body using an angled arterial cannula, which is 
inserted into the arch graft (not shown). 
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Alternate method complete 
with end to side anastomosis 
14 (continued) 
Postoperative Hemostasis 
We routinely administer high dose (30gm) E-aminoca- 
proic acid during almost all CPB cases, including arch 
replacement and redo arch replacement, and try to 
avoid the use of aprotinin in circulatory arrest cases 
because of the uncertainty about diffuse thrombosis 
after periods of no o r  low blood flow. If aprotinin is 
used, the circulating whole blood heparin concentration 
is always kept above 3.5 U/mL, and the infusion is 
stopped during the circulatory arrest interval. The 
most important factor concerning postoperative bleed- 
ing is precise, meticulous surgical technique and assidu- 
ous attention to the aortic tissue, which can he very 
fragile; however, circulatory arrest times of greater 
than 30 to 45 minutes and CPB times exceeding 4 hours 
can be expected in some patients undergoing primary or 
redo transverse arch replacement for chronic aortic 
dissection, and rapid coagulation factor replacement 
(including 4 to 5 units of fresh frozen plasma, 6 to 12 
units of platelets, and 10 units of cryoprecipitate) can 
help combat the coagulopathy that can accompany 
these procedures. Patience and time dedicated to care- 
ful inspection of all visible anastomoses, coupled with 
multiple infusions of coagulation factors when neces- 
sary, usually allows one to achieve satisfactory hemosta- 
sis before leaving the operating suite. In  Europe, 
“French glue” (gluteraldehyde resorcine formol; GFR) 
and other glues and adhesives have been advocated to 
reapproximate the intimal and adventitial aortic layers 
that aid in controlling hemorrhage, but this is most 
applicable to patients with acute dissection; further- 
more, these substances are not available in the United states. 15.5 I 
Surgical Results 
Keportecl series limited to patients with chronic clissec- 
tions in~olving the aortic arch clo not contain large 
numbers of patients, but the morbidity and mortality 
risks today are generally similar to those reported for 
other opcxrations involving the arch. In eight major 
reports, the reported average operative mortality rate 
lor aortji. arch replacement was 15% (range, 6% to 
23%) (Table 1). ''~17*43.48*j2-s3 The operative mortality 
rate was similar for patients with degenerative aneu- 
rysms (6% to 22%) and dissections (6% to 19%). The 
reported mortality rates of 8% to 1670 for patients with 
acute aortic dissections undergoing arch replacement 
are remarkably low, as they are for patients with 
chronic clissections (2% to 11%); however, most of these 
reports ti re from centers that specialize in this field and 
have ex1 msive experience with thoracic aortic sur- 
g e r ~ . ~ ~ . ' ;  '8*54 The expected outcome in all hospitals 
around the world is probably closer to the somewhat 
higher rates reported in the Japanese cooperative study 
that surveyed 49 centers.4J In summary, in experienced 
hands the mortality risk should be less than 10% to 
15% for arch replacement in patients with chronic 
dissections. Postoperative hemorrhage requiring reop- 
eration occurred in 3% to 19% of patients, and the risk 
of permanent neurological injury averaged 6% (range, 
3% to 12%) (Table 2). The risks of cleveloping renal 
dysfunction (5% to 147c), pulmonary insufficiency (5% 
to 39%), and LV failure or low cardiac output syndrome 
(7% to 34%) were similar to that seen in patients 
undergoing other types of thoracic aortic aneurysm 
repair. 
Replacement of the aortic arch for chronic aortic 
dissection remains one of the most challenging opera- 
tions in cardiovascular surgery, but with improved 
perfusion methods, more thoughtful preoperative and 
intraoperative planning, and expedient, but precise, 
surgical technique, the success rates have improved 
markedly over the last decade. 
~ ~ ~~ ~~~ 
TABLE 1. Operative Mortality for Partial or Total Replacement of the Aortic Arch 
Overall Routine Acute Chronic 
Institution Author Publication Study Criteria No. (%) No. (%) No. (%) No. (%) No. (%) 
Year of Years of Inclusion Mortality Rate Aneurysms Dissections Dissections Dissections 
Texas Heart Institute Livesay et a P  
New York University Galloway et a P  
Mount Sinai Ergin et a P  
Hannover, Germany Borst et all7 
Baylor Coselli et a154 
Japan-cooperative Usui et ale 
Suresnes, France Bachet et a P  
Osaka, Japan Okita et all4 
1983 
1 989 
1994 
1994 
1995 
1996 
1997 
1998 
1976-1 982 Arch 
1978-1988 Ascd &Arch 
1985-1 992 Circulatory arrest 
1987-1 993 Arch 
1990-1 992 Circulatory arrest 
7 993-1 996 Arch 
1980-1994 Arch 
1984-1995 Arch 
14/60 (23) 
2511 65 (1 5) 
301200 (1 5) 
271204 (1 3) 
14/227 (6) 
49228 (20) 
231 38 (1 7) 
751148 (70) 
- 
8/44 (18) 
6/58 (1 0) 
13/58 (22) 
711 10 (6) 
- 
71/78 (74) 
- 
211146 (14) 
71117 (6) 
32/170 (1 9) - 
WO (6) 
- 
9155 (1 6) 
15/92 (16) 
4/48 (8) - 
- 
3/28 (11) 
- 
6/54 (11) 
3/69 (4) - 
- 
7/42 (2) 
~ ~ ~ 
TABLE 2. Postoperative Complications for Partial or Total Replacement of the Aortic Arch 
Institution 
Hemorrhage- Renal Respiratory Cardiac 
Author No. (%) No. (%) No. (%) No. (%) No. (%) 
Dysfunction Stroke Reexploration Dysfunction lnsufi iciency 
Texas Heart Institute 
New York University 
Mount Sinai 
Hannover, Germany 
Baylor 
Japan-cooperative 
Suresnes, France 
Osaka, Japan 
Livesay et a152 
Galloway et a F  
Ergin et a148 
Borst et all7 
Coselli et a154 
Usui et a P  
Bachet et aIs5 
Okita et all4 
6/60 (1 0) 
411 65 (2) 
101204 (5) 
71227 (3) 
271228 (1 2) 
51138 (4) 
611 48 (4) 
22/200 (11) 
11160 (19) 
1 91200 (1 0) 
71227 (3) 
1811 48 (1 2) 
- 
- 
- 
- 
6/60 (10) - 
1 91200 (1 0) 
1 1 1227 (5) 
32/228 (1 4) 
8/138 (6) 
8/148 (5) 
- 
8/60 (1 3) 
W200 (27) 
88/227 (39) 
711 38 (5) 
22/148 (1 5) 
- 
- 
841228 (37) 
6/60 (1 0) 
681200 (34) 
- 
- 
16/227 (7) 
171228 (7) 
1011 48 (7) 
- 
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